Introduction
Epithelial ovarian cancer (EOC) is the leading cause of death from gynecological malignancies in the Western world.
1-3 The strongest known risk factors are mutations in either the BRCA1 or BRCA2 gene, which account for approximately 10% of EOC cases. [3] [4] [5] BRCA1 and BRCA2 are tumor suppressor genes involved in the regulation of cellular proliferation, chromosomal stability, and DNA repair by homologous recombination (HR). 5 Cells that cannot repair DNA double-strand breaks due to deficiencies in the HR pathway are more susceptible to malignant transformation. 5 Homologous recombination-deficient cells also cannot repair DNA damage induced by platinum adducts; therefore, they are particularly platinum-sensitive. 6 BRCA mutation carriers represent a unique group of patients who are commonly diagnosed at a younger age, have improved sensitivity to platinum-based chemotherapy, and have an overall improved prognosis. 4, 6 Variation in the worldwide prevalence of BRCA1 and BRCA2 mutations is well recognized. [7] [8] [9] In the Ashkenazi Jewish (AJ) population, the BRCA1/2 mutation spectrum is represented mainly by 185delAG and 5382insC in BRCA1 and 6174delT in BRCA2. 10 Other populations display a large variety of BRCA mutations, so that ethnicity-specific prevalences of BRCA1/2 mutations are less clearly defined.
We previously described BRCA mutation type variability in a retrospective cohort comprising 190 stage IV BRCA-tested patients with EOC from New York City, Israel, and Italy diagnosed between 1995 and 2009. 11 The present paper is an update of that study; the analysis was extended to include 585 BRCA-tested patients with EOC from the same medical centers diagnosed between 1995 and 2014. The study objectives were to describe BRCA mutation type variability in different ethnic populations, and to compare progression-free survival (PFS) and overall survival (OS) among patients with nonhereditary EOC, BRCA mutation carriers, and subtypes of BRCA mutations.
Materials and Methods
We reviewed medical records of 1200 patients diagnosed with EOC between 1995 and 2014 at New York University (NYU) Cancer Institute, Tel Aviv Sourasky Medical Center (Israel), and Padova Clinical Cancer Centers (Italy). Patients with EOC or histologically confirmed extra-uterine Müllerian carcinoma (ovarian, tubal, and primary peritoneal) who were tested for BRCA mutation status were included in the analysis. Clinical data retrieved included institution, patient age at diagnosis, ethnicity, comorbidities, stage of disease, tumor histology, tumor grade, patient and family cancer history, BRCA mutation status, BRCA mutation type, prior surgical management, first-line chemotherapy, chemotherapy for recurrent disease, date of first relapse, platinum sensitivity, PFS, OS, and status at the most recent follow-up.
Statistical Methods
The characteristics of BRCA carriers were compared with those of the noncarriers (NCs). Progression-free survival and OS were evaluated by Kaplan-Meyer and multivariate Cox proportional hazards regression models with adjustments for age at diagnosis, platinum sensitivity, stage at diagnosis, and histology to exclude dependency. All statistical analyses were performed using SAS version 9.2 statistical software. More than half of the BRCA carriers (78/132, 59.1%) were of AJ descent. Other BRCA carriers were non-AJ, non-Jewish Caucasian, African American, Hispanic, and unknown.
Results

Patient
Among the BRCA1/2 carriers, there were 29 mutation types ( Table 2 ). The widest variation was among non-Jewish Caucasians. The most common BRCA1 mutations in AJ carriers were 185delAG (49 patients) and 5382insC (8 patients); the most common BRCA2 mutation was 6174del (16 patients). Thirteen non-AJ patients had 185delAG mutations, and 3 of them had 6174delT mutations.
Assessment of Prognosis
As shown in Figure 1 , median OS was significantly longer in BRCA carriers compared with NCs (82.5 vs 50.7 months; P =.0012).
Analysis of OS by mutation type showed a median OS of 74.8 months for 185delAG mutation carriers, 126.6 months for 5382insC carriers, and 56.2 months for all other mutation subtypes (combined). Median OS was statistically significantly longer in 185delAG, 617delT, and 5382insC mutation carriers compared with NCs (P = .02, P = .03, and P = .02, respectively; Figure 2) . Analysis of PFS by mutation type showed a median PFS of 16.7 months for 185delAG, 9.1 months for 6174delT, 16.7 months for 5382insC, and 10.5 months for all other mutation subtypes compared with a median PFS of 9.6 months in NCs (Figure 3 ).
Discussion and Conclusions
The results of the present work show the large variety of BRCA mutations in our ethnically diverse EOC population. The non-AJ population, specifically non-Jewish Caucasians, represented approximately 30 different mutation types, whereas AJ and non-AJ patients had a higher frequency of the 3 main BRCA founder mutations 185delAG, 6174delT, and 5382insC. The results of the present work affirm that BRCA carriers have increased PFS and OS compared with NCs in EOC, as had been published previously. 12 Our analysis showed statistically improved OS and a tendency toward improved first PFS for mutation carriers across all BRCA mutation subtypes. The prognostic significance of what were considered unclassified BRCA mutation variants (VUS) is unclear. [13] [14] [15] Our results show a trend for VUS in this multiethnic cohort to have better OS than those testing negative for BRCA mutations, although not to the extent of those with known deleterious mutations. Overall, these findings suggest that some patients with EOC testing positive for variants, and/or who are at high risk for BRCA mutations based on family history may benefit from early genetic testing and subsequent interventions with DNA damaging agents or inhibitors of DNA repair (ie, PARP inhibitors). Analysis of OS by mutation type showed a median OS of 74.8 months for 185delAG mutation carriers, 126.6 months for 5382insC carriers, and 56.2 months for all other mutation subtypes (combined). Median OS was statistically significantly longer in 185delAG, 617delT, and 5382insC mutation carriers compared with NCs (P =.02, P =.03, and P =.02, respectively; Figure 2) . Analysis of PFS by mutation type showed a median PFS of 16.7 months for 185delAG, .1 9 months for 6174delT, 16.7 months for 5382insC, and 10.5 months for all other mutation subtypes compared with a median PFS of 9.6 months in NCs 
The results of the present work show the large variety of BRCA mutations in our ethnically diverse EOC population. The non-AJ population, specifically non-Jewish Caucasians, represented approximately 30 different mutation types, whereas AJ and non-AJ patients had a higher frequency of the 3 main BRCA founder mutations 185delAG, 6174delT, and 5382insC.
The results of the present work affirm that BRCA carriers have increased PFS and OS compared with NCs in EOC, as had been published previously. 12 Our analysis showed statistically improved OS and a tendency towards improved first PFS for mutation carriers, across all BRCA mutation subtypes. Although the etiological role of unclassified BRCA mutation variants is unclear, [13] [14] [15] our results confirm that when analyzed as a group, such variants exhibit the clinical features of BRCA1/2 carriers. These results suggest that all patients with EOC who are at high risk for BRCA mutations based on family history may benefit from early genetic testing and intervention. 
